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© Well logging method and apparatus using annular and azlmuthal electrodes. 

(5?) The invention relates to an electrical logging 
method and apparatus using electrodes. The 
apparatus comprises an annular current elec- 
trode (Ao) mounted on a body and guard elec- 
trodes (A2, A'2) disposed on the body above and 
below the annular current electrode. A first 
measurement current (lo) is emitted by the cent- 
ral current electrode (Ao) and focusing currents 
are emitted by the guard electrodes (A2, A'2). A 
first output signal representative of the deep 
resistivity of the formations is generated in 
response to the first measurement current (lo). 
One of the guard electrodes (A2) comprises two 
longitudinally spaced-apart portions, and an 
array of azimuthal current electrodes (AazJ that 
are circumferentially spaced-apart from one 
another is disposed between these two por- 
tions. Second measurement currents (AaZ|) 
emitted by the azimuthal current electrodes 
(AazJ are focused longitudinally by the currents 
emitted by the said two portions of the guard 
electrode (A2). Second output signals are gen- 
erated in response to the second measurement 
current (lazj, which output signals are rep- 
resentative of the resistivity of the formations in 
a plurality of directions around the borehole. A 
high resolution resistivity signal is calculated as 
a function of the mean of the second measure- 
ment currents (laz^. pjQ j 
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The invention relates to well logging for evaluating the resistivity of earth formations through which a bore- 
hole passer, and more particularly to an electrical logging method and apparatus using electrodes. 

A well logging device with electrodes that has been commercially available for many years and that is 
known under the name "Dual Laterolog" is described in US patent 3 772 589 (Scholberg). That device com- 

5 prises an array of annular electrodes used for sending electrical measurement currents Into the formations 
for the purpose of measuring their resistivity. The measurement currents are focused in an annular zone having 
the form of a disk perpendicular to the borehole axis by means of auxiliary currents emitted by guard electro- 
des. That device includes measuring deep resistivity of the earth formations (LLd mode) and measuring shal- 
lower resistivity of the earth formations (LLs mode) by emitting currents at different frequencies, typically 35 

10 Hz and 280 Hz. 

Adrawback of that device is that its longitudinal resolution (i.e. in the longitudinal direction of the borehole) 
is poor, being about one meter. In addition, in some cases and in particular in boreholes that are deviated or 
horizontal, the annular zone scanned by the device around the borehole comprises different layers of earth 
formation and gives an average measurement that has little meaning. It is therefore desirable to obtain resis- 
ts tivity measurements in a plurality of azimuthal directions around the borehole. 

Logging apparatuses are known thatdetect the resistivity of formations in a plurality of azimuthal directions 
around the axis of the borehole. Those devices seek to obtain information about fractures or about the dip of 
formations. For example, British patent 928 583 (British Petroleum Company Limited) describes an array of 
azimuthal measurement electrodes distributed circumferentially around the periphery of a logging sonde. A 
20 guard electrode which surrounds the measurement electrodes enables an auxiliary current to be emitted for 
focusing the currents emitted by each of the measurement electrodes. 

A difficulty with those apparatuses is obtaining effective focusing of the azimuthal measurement currents. 
The radial investigation depth obtained with azimuthal electrodes is generally less than that obtained with 
a deep Laterolog device of known type. It is therefore desirable to provide conventional deep Laterolog meas- 
25 urements in addition to azimuthal resistivity measurements. 

An object of the invention is to provide a technique of logging with electrodes that enables conventional 
type deep resistivity measurements to be obtained simultaneously with azimuthal resistivity measurements. 

Such a combination of measurements poses various problems. Firstly it is desirable to retain the charac- 
teristics of conventional deep resistivity measuring apparatuses. In addition, the influence of each type of 
30 measurement on the other should be reduced to as little as possible. Finally, while retaining the quality of the 
focusing in deep measurement, it is important to obtain effective focusing for azimuthal measurements. 

Another object of the invention is to provide a combination of deep resistivity measurements and azimuthal 
resistivity measurements enabling the above problems to be resolved. 

Another object of the invention is to provide a technique of logging with electrodes that provides resistivity 
35 measurements with high resolution. 

In a first aspect of the invention, a method of evaluating the resistivity of earth formations having a bore- 
hole passing therethrough comprises the steps of: emitting a first electrical measurement current into the for- 
mations via an annular current electrode disposed on an elongate body adapted to be moved along the bore- 
hole; focusing the first measurement current by means of auxiliary electrical currents emitted by annular guard 
40 electrodes disposed longitudinally on the body on opposite sides of the annular current electrode; and gener- 
ating a first output signal representative of the resistivity of the formations in response to the first measurement 
current The method further includes the steps of: using a guard electrode made with two longitudinally spaced- 
apart portions, emitting second electrical measurement currents into the formations via an array of azimuthal 
current electrodes that are spaced-apart circumferentially from one another and that are disposed on the body 
45 between said two portions; focusing the second measurement currents longitudinally by means of auxiliary 
electrical currents emitted by the two portions of the guard electrode; and generating second output signals 
representative of the resistivity of the formations In a plurality of directions around the borehole In response 
to the second measurement currents. 

In a preferred embodiment, the first output signal is a deep resistivity signal (Ra) representative of the 
so ratio of the potential (Vo) detected on an annular monitor electrode divided by the current (lo) emitted by the 
annular current electrode. The second output signals are azimuthal resistivity signals (Raz)), each of then be- 
ing representative of the ratio of the potential (Vaz,) detected on a monitor electrode divided by the current 
(lazi) emitted by an azimuthal current electrode. In addition, an additional output signal (Rbr) is generated which 
is a function of the sum of the azimuthal currents (laz,). 
55 According to another aspect of the invention, apparatus for evaluating the resistivity of earth formations 
having a borehole passing therethrough comprises: an elongate body adapted to be displaced along the bore- 
hole; an annular current electrode mounted'on the body; guard electrodes disposed on the body on opposite 
sides of the annular current electrode; means for emitting a first electrical measurement current via the current 
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electrode; means for emitting electrical focusing currents via the guard electrodes; and means responsive to 
the first measurement to generate a first output signal representative of the resistivity of the formations. A se- 
lected guard electrode comprises two portions that are longitudinally spaced apart from each other and an 
array of azimuthal current electrodes that are circumferentially spaced apart from one another is disposed be- 
5 tween the two portions of the selected electrode. In addition, the apparatus comprises means for emitting sec- 
ond electrical measurement currents from the azimuthal current electrode and means for responding to the 
second measurement currents to generate second output signals representative of the resistivity of the for- 
mations in a plurality of directions around the borehole. 

The guard electrodes preferably comprise first (A1 , A'1) and second (A2, A'2) pairs of annular electrodes, 
10 the second pair of guard electrodes being disposed on opposite sides of the first pair. The selected guard elec- 
trode is then one of the electrodes in the second pair (A2 f A'2). Since both portions of the selected guard elec- 
trode extend over a relatively large distance on opposite sides of the azimuthal electrodes, effective focusing 
of the azimuthal currents is obtained. 

The characteristics and advantages of the invention appear more clearly from the following description 
15 given by way of non-limiting example and made with reference to the accompanying drawings, in which: 

Figure 1 shows a logging apparatus according to the invention comprising an electrode sonde suspended 

in a borehole; 

Figure 2 shows a configuration of azimuthal electrodes used by the Figure 1 sonde; and 
Figures 3A and 3B are circuit diagrams respectively of the downhole circuits and the surface circuits in 
20 the logging apparatus of Figure 1. 

With reference to Figure 1, a logging apparatus for evaluating the resistivity of earth formations 10 having 
a borehole 11 passing therethrough comprises a sonde 12 suspended in the borehole at the end of a multi- 
conductor cable 13. The cable 13 passes over a sheave 14 and is wound onto a winch 15 for moving the sonde 
12 along the borehole. The winch 15 constitutes a portion of a surface unit 16. 
25 The sonde 12 has four sections fixed end to end so as to make up an elongate body 17. The top section 
20 is a sealed metal housing containing electrical circuits that are described in greater detail below. A first in- 
termediate section 21 comprises a tubular body 22 which carries an array 23 of azimuthal electrodes that are 
circumferentially spaced apart from one another. A second intermediate section 24 fixed to the bottom of the 
first intermediate section 21 carries annular electrodes used for conventional Laterolog type measurements. 
30 A bottom section 25 comprises a metal body 26 having four centralizing shoes 27 adapted to bear against the 
wall of the borehole 11 under drive from leaf springs 28. A measuring shoe 30 hinged to the bottom end of one 
of the centralizing shoes 27 is urged by an individual spring 31 against the wall of the borehole. This measuring 
shoe 30 is fitted with conventional electrodes for performing conventional type spherically focused microre- 
sistivity measurements. 

35 The sonde 12 includes a first array of annular electrodes for implementing the Dual Laterolog technique 
described in US patent 3 772 589 (Scholberg). As described in that patent, the intermediate section 24 carries 
a central electrode Ao, a first pair of monitor electrodes M1, M'1 connected to each other and disposed on op- 
posite sides of the electrode Ao, a second pair of monitor electrodes M2, M'2 disposed on opposite sides of 
the pair M 1 , M'1 , and a first pair of guard electrodes A1 , A'1 that are connected to each ot her and are disposed 
40 on opposite sides of the pair M2, M'2. The sonde also includes a second pair of guard electrodes A2, A'2 that 
are connected to each other, with the guard electrode A2 being formed by the body 22 of the intermediate 
section 21 and with guard electrode A'2 being formed by the body 26 of the bottom section 25. 

In the Dual Laterolog technique, the resistivity of the formations at two different radial investigation depths 
are measured by sending electrical currents at two different frequencies f1 and f2. For the shallow measure- 
rs ment (LLs mode) an alternating measurement current is emitted at a first frequency f1 (e.g. 280 Hz) by the 
central electrode Ao, said measurement current being focused by an auxiliary current sent between the pair 
of electrodes A1 , A'1 and the pair of electrodes A2, A'2. Forfurtherdetails, reference may be made to the above- 
mentioned Scholberg patent. 

For the deep measurement in LLd mode, an alternating current is used at a low frequency f2 (e.g. 35 Hz) 
so likewise emitted by the electrode Ao. This measurement current is focused by same-frequency auxiliary cur- 
rents emitted both by the electrodes A1, A'1 and A2, A'2. The auxiliary currents are controlled by a feedback 
loop circuit that maintains the potential difference between the two pairs of electrodes M1, M'1 and M2, M'2 
at substantially zero. The measurement current is thus maintained in a zone which is disk-shaped and per- 
pendicular to the axis of the borehole. This prior technique is used by the apparatus of the invention for ob- 
55 taining LLd type measurement signals. A portion of the circuits shown in Figures 3Aand 3B performs the func- 
tions required for such LLd mode measurement. 

In addition to the electrodes enabling it to perform conventional LLd and LLs mode measurements, the 
apparatus of Figure 1 includes an array 23 of azimuthal electrodes and other electrodes shown in greater detail 
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in Figure 2. 

Figure 2 shows the intermediate section 21 of the sonde. The metal tubular body 22 of this section forms 
an electrode A2 that has a top portion and a bottom portion. Between the two portions of the electrode A2 an 
isolated central section carries a pair of annular monitor electrodes M3 and M4 that are electrically connected 

5 together. Between the two annular electrodes M3 and M4, there is an array 23 of twelve azlmuthal current 
electrodes Aaz, that are spaced apart circumferentially from one another, where i is an index in the range 1 to 
12. Each of the azimuthal current electrodes is substantially rectangular in shape being elongate in the long- 
itudinal direction, is insulated from the body, and surrounds an azimuthal monitor electrode Mazj. Each azi- 
muthal monitor electrode Mazi is insulated both relative to the body and relative to the electrode Aaz, that sur- 

10 rounds it. It too is substantially in the form of a rectangle and it extends over nearly the entire length of the 
associated current electrode. 

In the embodiment described the annular monitor electrodes M3 and M4 are situated between the portions 
of the electrode A2 and the array 23 of azinuthal electrodes. These monitor electrodes could also be situated 
within each portion of the electrode A2 so that the top portion of the electrode A2 extends below the electrode 

15 M4 and the bottom portion of the electrode A2 extends above the electrode M3. 

To obtain resistivity measurements in a plurality of directions around the borehole, electrical currents are 
emitted into the formations from the azimuthal current electrodes Aaz). These currents are focused longitu- 
dinally and azimuthally by an active feedback loop system or servo-control system that includes the azimuthal 
monitor electrodes Maz,, the annular monitor electrodes M3 and M4, and the two portions of the guard elec- 

20 trade A2. For longitudinal focusing, an auxiliary current is emitted by the electrode A2. In addition, the system 
for servo-controlling the azimuthal measurement currents provides mutual azimuthal focusing between the 
currents. 

It has been found that the passive focusing of prior art devices can be highly disturbed by the differences 
in electrode contact impedance. In previously described apparatuses where azimuthal electrodes are used, 

25 the survey current electrodes and the guard electrodes are maintained at the same potential for focusing the 
measurement currents. When the electrodes are immersed in the fluid of the borehole, it is observed that the 
contact impedances of these electrodes can be very different from one another. While current is being emitted, 
the potential of a current electrode is no longer equal to the potential of the borehole fluid facing it but is of a 
potential that includes an error which is a function of the product of the emitted current multiplied by the contact 

30 impedance. This error in the potential of the current electrode may degrade the focusing of the measurement 
current. This phenomenon is particularly troublesome with a plurality of measurement currents that are cir- 
cumferentially directed around the borehole axis. 

In the apparatus of Figures 1 and 2, emission of the azimuthal measurement currents laz, is so controlled 
as to maintain the potential difference between each azimuthal monitor electrode Maz, and the set of electri- 

35 cally interconnected annular monitor electrodes M3, M4 at substantially zero. The azimuthal resistivity meas- 
urements are obtained by taking the ratios Vaz/lazi of the potential Vazi of one of the annular monitor electrodes 
M3, M4 divided by the azimuthal measurement currents laz,. In the general case, each azimuthal resistivity 
measurement is a function of the ratio of the potential detected on an azimuthal monitor electrode Mazi divided 
by the current emitted by the associated azimuthal current electrode Aaz,. In the example described, the po- 

40 tential Vaz t may be detected on any one of the monitor electrodes Maz,, M3, or M4. 

The downhole and the surface circuits of the apparatus are shown diagrammatically in Figures 3A and 

3B. 

With reference to Figure 3A, the downhole circuits are situated in sections 20 and 21 . The above-described 
electrodes are shown diagrammatically on the right of the figure, with only one electrode Maz, and only one 

45 electrode Aaz, being shown in order to simplify the description. 

In alternating current It at a frequency of 35 Hz is sent by one or more conductors 40 of the cable 13 from 
the surface to the downhole sonde. This total current It is detected downhole by means of a low resistance 
series resistor 41 whose terminals are connected to an amplifier 42 followed by a bandpass filter 43 centered 
on the frequency of 35 Hz. The phase of the total current It is also detected by means of a phase detector 

so circuit 44. Downhole measurement of the total current It and detection of its phase make it possible to ignore 
any distortion that may have been introduced by transmission along the cable 1 3. A portion of the total current 
is applied via a conductor 45 to the electrodes A2 and A'2 that are electrically interconnected by very low re- 
sistance copper bars 46. As explained below, the total current flows between the current electrodes and a re- 
mote electrode B situated on the surface. 

55 The apparatus includes circuits used for operating in LLs mode with an alternating current at280 Hz. These 
circuits are not shown in Figure 3A in order to simplify the description. The person skilled in the art will have 
no difficulty in adding such circuits to Figures 3Aand 3B given the detailed description thereof provided in the 
above-mentioned Scholberg patent. In conventional manner, these circuits provide a shallow resistivity signal 
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which is recorded on the surface at a function of depth. The present description is therefore limited to describing 
the circuits that operate in low frequency mode at 35 Hz. 

A portion of the circuits shown in Figure 3A is devoted to conventional LLd mode measurement 
A feedback loop keeps the potential difference between the pairs of monitor electrodes M1, M'1 and M2, 
5 M'2 at substantially zoro so as to focus the measurement current emitted by the electrode no. The monitor 
electrodes M1 and M2 are connected to a first primary winding of a differential transformer 50, and the monitor 
electrodes M'1 and M'2 are connected to a second primary winding of the same transformer. The secondary 
winding of the transformer 50 is connected to the inputs of a broad band filter circuit 51 having high gain am- 
plification and having its output applied to the primary winding of a transformer 52. One end of the secondary 
10 winding of the transformer 52 Is connected to the electrode Ao and the other end thereof Is connected to one 
of the primary winding of a measurement transformer 53 whose other end is connected to the guard electrodes 
A1, A'1 which are short-circuited together by a copper bar 54. The secondary of the measurement transformer 
53 is connected to an amplifier 55 whose output is applied to a bandpass filter centered on the frequency of 
35 Hz. The output of the filter 56 provides an alternating signal representing the current lo emitted by the elec- 
ts trode Ao. 

Another feedback loop short circuits the guard electrodes A1, A'1 and A2, A2 at the frequency of 35 Hz. 
A pair of interconnected monitor electrodes A1*. A'1* is disposed inthe vicinity of the guard electrodes A1, A'1. 
Another pair of interconnected monitor electrodes is disposed in the vicinity of the guard electrodes A2 A2. 
These two pairs of electrodes are connected to the input of a high gain differential amplifier circuit 60 including 
20 a filter function at the frequency 35 Hz and having its output applied to the primary winding of a transformer 
61. The secondary winding of the transformer61 is connected between the guard electrode A'1 and the guard 
electrode A'2. 

One of the monitor electrodes M1 or M2, in this case M2 ( is connected to the input of a measurement am- 
plifier 62 whose other input is connected to the armor of the cable which serves as a remote reference electrode 
25 N. The output of the amplifier 62 is applied to a bandpass filter 63 centered on the frequency of 35 Hz and 
whose output provides an alternating signal corresponding to the potential difference Vo between the electrode 
M2 and the electrode N. 

The above-described circuits perform the functions required for the LLd operating mode as described in 
the Scholberg patent. 

30 The apparatus shown in Figure 3A also includes circuits for generating azimuthal resistivity signals. The 
short-circuited annular monitor electrodes M3 and M4 are connected to the input of a measurement amplifier 
64 whose other input is connected to the reference electrode N on the cable armor. The output of the amplifier 
64 is applied to a bandpass filter centered on the frequency of 35 Hz which provides an alternating signal Vaz t 
representative of the potential difference between the electrodes M3, M4 and the reference electrode N. 

35 Each azimuthal monitor electrode Maz t is connected to the input of a high gain differential amplifier circuit 

68, which also includes a filter function at 35 Hz. The other input of each circuit 68 t is connected to the annular 
monitor electrodes M3 t M4 and its output is applied to a current source 69, constituted by a voltage-current 
converter. The output current from the source 69, is applied between the guard electrode A2 and the azimuthal 
current electrode Aaz, corresponding to the monitor electrode Maz ( under consideration. This loop controls 

40 each of the azimuthal currents lazi in such a manner as to maintain the potential difference between M3, M4 
and the corresponding azimuthal monitor electrode at zero. 

The output signal from the circuit 68, is also applied to a measurement amplifier 70, followed by a bandpass 
filter 71 1 centered on the frequency of 35 Hz so as to provide an alternating signal laz, representative of the 
measurement current emitted by the azimuthal electrode Aaz,. As shown in dashed lines in Figure 3A, the ap- 

45 paratus has twelve identical channels providing the measurenent currents laz<. 

The signals lo, Vo, Vaz,, It, and the twelve signals lazi are applied to a multiplexer 73 whose output is applied 
to a variable gain amplifier 74 and then to an analog-to-digital converter 75. The digital outputs from the con- 
verter 75 are applied to a digital processor circuit 76 constituted by a digital signal processor (DSP) programmed 
to perform a phase sensitive detector (PSD) function and a lowpass filter function. The phase reference re- 

50 quired for the detector function comes from the circuit 44 so as to be synchronized with the total downhole 
current It. The processor circu it 76 also provides a control signal to the variable gain amplifier 74 so as to reduce 
the dynamic range of the input signals to the analog-to-digital converter 75. 

The multiplexed digital signals representing the amplitudes of the currents or voltages lo, Vo, Vaz,, It and 
laz, are applied to remote measurement circuits 77 for modulating and transmitting the signals to the surface 

55 via the cable 13. 

As shown in Figure 3B, the downhole signals are received and demodulated at the surface by a remote 
measurement circuit 80 and they are then input to a computer 81 which may be a Microvax microcomputer as 
sold by Digital Equipment Corporation, for example. The computer 81 demultiplexes the signals lo, Vo, Vaz^ 
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It, and laz,, and it calculates formation resistivity signals Ra, Rs f Razj, and Rhr, using the following equations: 
Ra = k r Vo/lo 
Rs = k 2 Vo/lt 
Razi = ka-Vaz/Iaz, 

5 Rhr = Ict-Vaz/Slazj 

in which k 1f k 2 , k 3 , and k4 are predetermined constants that depend on the geometry of the downhole sonde. 
Ra is the LLd type deep resistivity measurement; Rs is the resistivity measurement of the surrounding forma- 
tions; Razj are twelve azimuthal measurements of resistivity around the borehole; and Rhr which corresponds 
to a mean of the conductivity 1/Raz, is a measure of formation resistivity having high longitudinal resolution. 

10 These various resistivity signals are recorded as a function of depth in a recording apparatus 82 which 
may comprise as optical recorder and a magnetic recorder. Prior to recording, the signals Ra^ and Rhr are 
depth corrected is conventional manner to take account of t he fact that they are obtained on the dowhole sonde 
at a different depth from the signal Ra and Rs. 

A 35 Hz current source 83 delivers the total current It via one or more conductors of the cable 13 and a 

15 return electrode B placed on the surface of the ground. The current It is controlled by means of a variable gain 
amplifier which receives a control signal from the computer 81. The control signal is designed to minimize the 
dynamic range of the measurement signals. One example of minimizing is given in the Scholberg patent which 
maintains the product Vo.lo constant 

The embodiment described above may naturally be varied or improved in numerous ways while remaining 

20 within the scope of the invention as defined in the following claims. In particular, the array of azimuthal elec- 
trodes may be combined with other logging apparatuses focused by annular electrodes, such as, for example, 
a Laterolog 3, a Laterolog 9, or a spherical focusing type apparatus. 



25 Claims 

1. A method of evaluating the resistivity of earth formations having a borehole passing therethrough, the 
method comprising the steps of: 

emitting a first electrical measurement current (lo) into the formations via an annular current elec- 
30 trode (Ao) disposed on an elongate body adapted to be moved along the borehole; 

focusing the first measurement current by means of auxiliary electrical currents emitted by guard 
electrodes (A2, A'2) disposed longitudinally on the body on opposite sides of the annular current electrode, 
a selected one of said guard electrodes (A2) having two longitudinally spaced-apart portions; 

generating a first output signal representative of the resistivity of the formations in response to the 
35 first measurement current (lo); 

emitting second electrical measurement currents (lazj) into the formations via an array of azimuthal 
current electrodes (AazJ that are spaced-apart circumferentially from one another and that are disposed 
on the body between the two portions of said selected guard electrode (A2); 

focusing the second measurement currents (laz,) longitudinally by means of auxiliary electrical cur- 
40 rents emitted by the two portions of the selected guard electrode (A2); and 

generating second output signals representative of the resistivity of the formations in a plurality of 
directions around the borehole in response to the second measurement currents (laz,). 

2. A method according to claim 1 , wherein the step of focusing the first measurement current comprises emit- 
45 ting auxiliary electrical currents via a first pair (A1 , A'1) and a second pair (A2, A'2) of guard electrodes, 

the second pair of guard electrodes being disposed on opposite sides of the first pair, and wherein the 
selected guard electrode is one of the electrodes (A2) of the second pair. 

3. A method according to claim 1 or 2, wherein the step of focusing the first measurement current comprises 
50 the steps of: 

detecting the potential difference that appears between a first pair (M1, M'1) and a second pair 
(M2, M'2) of annular monitor electrodes disposed on the body between the annular current electrode (Ao) 
and the guard electrodes; and 

controlling the emission of auxiliary currents in such a manner as to maintain the detected potential 
5 5 difference at substantially zero. 

4. A method according to claim 3, wherein the step of generating the first output signal comprises generating 
a deep resistivity signal (Ra) as a function of the ratio (Vo/lo) of the potential (Vo) detected on an annular 
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monitor electrode (M 1 , M'1 , M2, M'2) divided by the current (lo) emitted by the annular current electrode. 

5. A method according to any one of claims 1 to 4, wherein the step of generating the second output signals 
comprises generating an azimuthal resistivity signal (RazO for each azimuthal current electrode (Aaz,), 
5 each azimuthal resistivity signal being a function of the ratio (Vaz/lazJ of the potential (Vaz) detected on 

a monitor electrode (M3 f M4) divided by the current (laz f ) emitted by one of the azimuthal current elec- 
trodes. 
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A method according to claim 5, further including the step of generating an additional output signal (Rhr) 
as a function of the sum of the currents (lazj emitted by the azimuthal electrodes. 

Apparatus for evaluating the resistivity of earth formations having a borehole (11) passing therethrough, 
the apparatus comprising: 

an elongate body (17) adapted to be displaced along the borehole; 
an annular current electrode (Ao) mounted on the body; 
guard electrodes (A2, A'2) disposed on the body on opposite sides of the annular current electrode (Ao); 
means (50, 51 , 52) for emitting a first electrical measurement current (lo) via the current electrode 

(Ao); 

means (60, 61) for emitting electrical focusing currents via the guard electrodes (A2, A2); and 
means (81) responsive to the first measurement current(lo) to generate a first output signal rep- 
resentative of the resistivity of the formations; 

the apparatus being characterized in that a selected one of said guard electrodes (A2) comprises 
two longitudinally spaced-apart portions; 
and in that the apparatus comprises: 

an array (23) of azimuthal current electrodes (Aazj) that are circumferentially spaced-apart from 
one another and disposed between the two portions of the selected electrode (A2); 

means (68 h 69,) for emitting second electrical measurement currents (lazj) from the azimuthal cur- 
rent electrodes (Aazi); and 

means (81) responsive to the second measurement currents (lazi) to generate second output sig- 
nals representative of the resistivity of the formations in a plurality of directions around the borehole. 

8. Apparatus according to claim 7, characterized in that it includes a first pair (A1, A'1) and a second pair 
(A2, A'2) of guard electrodes, the second pair of guard electrodes being disposed on opposite sides of 
the first pair, the selected guard electrode being one of the electrodes (A2) of the second pair. 

35 9. Apparatus according to claim 8, characterized in that the selected guard electrode is the upper electrode 
(A2) of the second pair. 

10. Apparatus according to any one of claims 7 to 9, characterized in that said means for emitting the focusing 
currents comprise: 

40 a first pair (M1, M'1) and a second pair (M2, M'2) of annular monitor electrodes disposed on the 

body between the annular current electrodes (Ao) and the guard electrodes; and 

means (50, 51 , 52) for maintaining the potential difference detected between the first pair (M1 , M'1) 
and the second pair (M2, M'2) of monitor electrodes at substantially zero. 

45 11. Apparatus according to claim 10, characterized in that said means for generating the first output signal 
comprise: 

means (62, 63) for detecting the potential (Vo) on one of the annular monitor electrodes (M1 , M'1, 
M2, M'2); 

means (53, 55, 56) for detecting the current (lo) emitted by the annular current electrode (Ao); and 
so means (81) for generating a deep resistivity signal (Ra) as a function of the ratio (Vo/lo) of the de- 

tected potential (Vo) divided by the detected current (lo). 

12. Apparatus according to any one of claims 7 to 11, characterized in that said means for generating the 
second output signals comprise: 
55 means (64, 65) for detecting the potential (Vazj) that appears on a monitor electrode (M3, M4); 

means (70,, 71,) for detecting the currents (laz,) emitted by each azimuthal current electrode (Aaz,); 

and 

means (81) for generating azimuthal resistivity signals (Raz,) each of which is a function of the ratio 
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(Vazi/lazi) of the detected potential (Vaz,) divided by the detected azimuthal current (laz,) emitted by one 
of the azimuthal current electrodes. 

13. Apparatus according to claim 12, characterized in that it further includes means (81) for generating an 
additional output signal (Rhr) as a function of the sum of the detected azimuthal currents (lazj). 
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